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Introduction

CMS in brief
ECAL
muon system

High-p' leptons and analysis strategy
reconstructions
selection

Searches with high-p' leptons in the final state
Z -l
W' -> v
scalar LQ pair -> |l

Summary
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*  Many physics theories have been built to extend the SM
« These theories foresee a quantity of new particles
 Look for of new physics with high-p' leptons in the final state

- Left-right symmetry of electroweak interactions

- Extend the SM gauge group to include right-handed interactions
- Extra dimensions

- Kaluza-Klein (KK) tower of heavy copies of all SM fields W' Z'
-  General extensions of the SM gauge group !

- e.g. Little Higgs models

Technicolor
- 6UT

Composite models LQ

- Higgs not just an elementary particle

12/04/2011 F. De Guio
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The CMS detector ke

»  Full 2010 dataset used in the analysis presented (~35 pb! @ 7 TeV)
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SILICON TRACKE
Pixels (100 x 150 um?)
~1m¥ ~66M channels

Microstrips (80-180um)
~200m* ~9.6M channels

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
~76k scintillating PDOWO, crystals

3 o 2 .0% -
Pixels

Solenoid
Steel Yoke \

PRESHOWER
Silicon strips
~16m* ~137k channels

STEEL RETURN YOKE

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium cosl
carrying ~18000 A

FORWARD
CALORIMETER

HADRON CALORIMETER (HCAL)
Total weight : 14000 tonnes Brass + plastic scintillator '
Overall diameter : 150 m ~7K channels
Overall length :28.7m
Magnetic field 38T

Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip 8 432 Resistive Plate Chambers |

12/04/2011
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High pT leptons and strategy /NN X4

« Detect high-pT leptons means to optimize reconstruction and identification in order
to maximize the efficiency in the high-pT region

- Electrons: J I
- Electromagnetic clusters with consistent shower shape | - CaloDriven
- Spatially matched to a reconstructed track in n and ¢ | - resol gets better with E
- Isolated in calorimeter and tracker uL °  Jet background
- Muons: |
- Tracks in muon system matched to tracks in inner tracking system . |
- Isolated in tracking system and calorimeter | TrackerDriven

| - resol gets worse with pT i‘

- cosmic background (pair) |

- More than 10 hits in silicon tracker
- Transverse impact parameter < 2mm

* Robust and efficient lepton trigger is needed

« General strategy:
- excess in data in the high PTregion with respect to the SM expectations (MC)
- if no excess is observed -> determine the exclusion limit.
« Tt is crucial to have a good description of the backgrounds
- accurate shape model
- accurate normalization

12/04/2011 F. De Guio



/) '_‘_‘Z‘l(.l.l,\lllﬂ
7 N7
0 E S (5
Z - ” ’N'_N,_“Ez

e 1111

* Clean sighature with 2 high-pT leptons in the final state passing the eleId or muld
* Focus on Z' and RS Graviton models as benchmark

« Complementary searches: lepton univer., different subdet., ... q I
*  Main backgrounds: L I+
- SM Drell-Yan -> irreducible 9

- normalized to data
TTbar + TTbar-like -> two real leptons (tt, WZ, WW ,tW Z->1T)
Jet Background -> jet fakes a lepton (W+jet di-jet) CMS \s=7TeV f,_ dt = 35 pb’”
- fake rate method

- Cosmics muons bkg -> di-muons from cosmic-rays E 0C l o l_:

- impact parameter selection § I - {f + other prompt leptons

- 3D angle between the two muons selection 2 40:— B - E

g [ ]

« The bkg with prompt leptons is from MC but " 30 s
cross checked against the e-mu spectrum ]

20 ]

| M>60GeV/c | M>120GeV/c? | M>200 GeV/c? :
data 95 + 10 (stat) 33+6(stat)  6+2 (stat) 10 B
MC 80.4+2.4(sys) 27.1+0.8(sys) 7.0+0.2(sys) ]

| | | 1 | | |
100 200 300 400 500
m(ute/e*u’) [GeV]

12/04/2011 F. De Guio
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| NC\J _I B —~o—— Jet Est from HEEP Ele + SC H/E<0.05-Z |
> Jet Est from 2 SC+H/E<0.05 + W+jet
O 10 .- Wijet (MC) -
O = SRNETTLTSELED Z—e*e (MC) .
: L :
.g ZMC ~ - barrel-endcap |
= 2 4L _
8 X c = =
'E 10 .‘r’.ﬂ’-" ~ sae 8% ‘o g i_ E
) SR '.“ SYUYY Y L L o 1
- - - 8 * - —
| 107 E
1 I l - ]
0 1 2 3 I R ]
3D angle (rad) 10 = T‘I-r_:
B B cosmics I fL dt = 35pb™ T ]
I' -3 1111 | 1111 | 1111 | 1111 | 1111 | || I L i=t=f 1| L | i |
10° g 1050 100 150 200 250 300 350 400 450 500
- 2 2
_ L\ M,. (GeV/c?)
re) ZMC | |
b w « Measure probability (or fakerate) for a
I | jet which is reconstructed as a SC with
| H/E <0.05 to pass eleId selection
| * Apply it to 2 SC or 1 SC + 1 HEEP events
| » Take difference between two estimates

| as fake rate systematic
| d,, (cm) ) | y
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Events /5 GeV
o

CMS \s=7TeV det=35pb'1

L T T T
* DATA

Zy*—e'e

- tt + other prompt leptons

1 IIIIIL|_| 1 IIIIIL|_| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII|—

200 400 600 800 1000

m(ee) [GeV] )

CMS \s=7TeV det=40pb'1

T T T T T T
DATA

Zy =t

- tt + other prompt leptons

== IIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIILL| 1 IIIII|_|_I=

Il | | | |
200 400 600 800 1000
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« By focusing on the ratio, the uncertainty on the
integrated lumi is eliminated

o xBR(Z') _ N(Z) A(Z%) €(2°

o x BR(Z%) ~ N(Z% ~ A(Z) "~ €(Z

4
Channel m ee combined :
Zssm 1027 GeV 958 GeV 1140 Gev | 8
Zy 792 GeV 731 GeV 887 GeV @é
Gk k/Mp = 0.05 778 GeV 729 GeV 855 GeV §
Guk, k/Mp = 0.10 987 GeV 931 GeV 1079 Gev | ¢
w
°?° CMS,I Ldt = 40.0pb™ nu+ee
- ' W " '68% expected |
l-'CbO.G - 95% expected _| Published CDF/D0 limits
— | DO, eeyyy 5.4 fbl:
Bl G A «M,=0.1 :
G 005 ] M(Z' ) > 1023 GeV
R TR 1 M(Gyy,¥™01)> 1050 GeV
0.4 Z.SSM | CDE, up, 2.3 fbl:
¥ m .
3 " M(Z'so) > 1030 GeV
—*— 95% C.L. limit M(Gy, <¥01) > 921 GeV
0.2 CDF, ee,2.5fb:
M(Gy KM0.1) > 848 GeV
| | | 1 ]

1 | 1 1 | 1 1 | 1 1 | 1 1
400 600 800 1000 1200 __ 1400
M [GeV]
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* Altarelli reference model tested (carbon copy of SM W boson)
« Signature: single and isolated high-pT lepton + large MET

Kinematic selections:

- Ag¢ (lepton, MET) > 25 lepton and MET balance:
- 04<lepton ET/ MET <15 both module and direction

electron and muon channels

- Invert the isolation requirement and use the shape
of MT from non-isolated electrons
- Fit data ET/MET distribution with QCD template
(from non-iso) + W template (from MC), leaving the two
normalizations as free parameters.
- MT spectra are normalized to the template area |
in the region 0.4 < Et/MET <15

- Sideband fit in a region where signal ~1%
- Breit-Wigner fit in the range: 180 GeV < M™ < 350 GeV
Extrapolation in the high-p™ region

Cross check with MC

Main background: irreducible Standard Model W -> Iv
Bkg estimate in the high-pT region: two different approaches for

CMS == \W boson
fl_ dt = 361 pb-1 _— Mult|‘]et
\s=7TeV

= Total fit

e Data

12/04/2011 F. De Guio
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-sil) EI T T T T T | T T T | T T T | T T T | T T T | T T T E
c CMS W w—ev :
q>J 10% f Ldt=36.1pb" B Multi-et = e 4.
o o — ; Good agreement between data and SM prediction
10°F oneRe Exclusion limit up fo M(W') = 1.58 TeV @ 95% C.L.
ocdr® 0000 Wm0 TV * Cut and count method: sliding search window to
i W'<M=1-3Tewc2>_5 optimize the limit
......... _E _ ele miss :
1 Mr = /2 Eg¢ - EE . (1 — o5 AQ, g
10" R
Jo2 L b 4] :g ——— 95% observed limit Muon
0O 200 400 600 800 1000 1200 1400 : — 959% observed limit Electron
M; (GeV/c?) >
- o + —  95% observed limit Combined
\i N | — — - 95% expected limit Combined
"-'107 E | .(|:.M.S. o Illv;,_;lulvl ] % o 1 . — Theoretical Cross Section
Lﬁ106é_ f L dt =36 pb'1 — Other SM backgrounds_é' _/l\ —
10°  \s=7TeV * Data 4 E """""
o'k —Wm,=10Tev) AT T ) G SR R R
3% W' (m_=1.4TeV) 3 5 — .
107 E 107 P | S S B,
10° 3 S T e
1O_I E; .............................................................................
1 g ...................................................................................
10-1 ?ji | | | | | | | | | | | | | | | | | | | |
10_2 800 1000 1200 1400 1600 1800 2000
Excluded by Tevatron W' mass (GeV)
below 1.1 TeV €
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Three LQ generations and three signatures

Characterized by two free parameters
MLq = LQ mass
A =LQ-1-qcoupling <Aem ~0.3
Mainly produced via gloun-gluon fusion
A independent

La uark
\ o2

lepton +/- jet

| In this talk
. — _ ——
Event selection:
at least: 2 isolated high-pT leptons, 2 high-pT jets neutrino e
a lower cut on Mj to remove Z+jets bkg lv"\
ST=p (I)+p" () +p" (j) +p' (j2) > f(MQ) NEg i R
éé}p‘o‘o"o‘ . 2( 1 'B )B
Background estimate (in common for e and mu): e LQ\MQ
Z+jets and TTbar are the dominant backgrounds n jet
- Shape from MC .
- normalization from DATA N0 je
The small QCD background is determined from data o 1 aua Wii \
- fake rate method % 9 - (1-B)2
o LQ ~~quak s
neutrino jet

12/04/2011 F. De Guio
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| Final selection INFN
! L/ 3| Flsica Mucke
*  Mjand ST are the two most powerful variables in discriminating signal and bkg

* My and ST have been optimized using a Bayesian approach to minimize upper limit in a

35 pb scenario
- Me>125GeV; My > 115 GeV ; ST > f(MLg)
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o= = =
— — o | _1
3 n CMS . S CMS —— Data, 33.2 pb -
N ~ %k 1 ] ~ 21 / . ]
= ) Z/v* + jets = 10 %55 LIVE + jets 3
D] 10 E OO = = - — N —
> = e tt 3 - - %% tf .
I — — N —
= = Other backgrounds o - -
- LO. M=400GeV ] Q>) 0 ++HH Other backgrounds
- EEEEEEE . = c — E_ _E
10E + 5 S LQ,M =400 GeV :
:: AEEEEEEEEEEEEEERESR SEEEEEEEEEEEEER ;- ;_4 :: ://ii/’ P// E ToTTTTTTEEmmmmmmmmmmEEmeEET i:
! | N PSS SIS (AP SIS A L | l ; _
| 1 T WIS IS I IS IS O 1E =
E Al NS a = S : =
277 N\ NN\ NS - N \‘\\
7 A AT NN S5 b N\ %
EZINNNANNN n Z. 2
o I NNNRAY SRR N
107 B oo N 1
ST NNNNN NN N 10 E
i NN NARSARARARNN N =
NN ARRANRRANRRARRN N - Fl= -
,77/7/- §§§§ \\\\§§§§<§\\\ \.\ \\\\\\\\\\\\\\\\\\\\\i\\§\\\\§§§§§* I~ ]
NN T K m i
10250 L I | - 1
&m laals “--j"--J--'--" L l = | I ARAral il Nl 1 I Il

1 1 1 1 1 1 _ [ .| | 11l |
400 500 600 700 10267100500 300

200 300 ‘ 400 500 600 700 800 900 1000
S (GeV)
S [ o e e L L I
‘ © 3 ‘ A I I I A B = s
O CMS 2010 - Dun 3405 ] - CMS 2010 A
F 0 s E 107 Ling =332 pb™ |7 onmigone |
> s Other backgrounds 3 = — LQ eejj Ma00 B
= : H-PTPTYY LtQ,M:4§O GeV 7 C --;-‘;:t:eii M500 N
2! 10

T IIHIW
| IIHIM

E M; is affected
o —? by 1
combinatorics b NE

% ‘ ml N lllllll .

L

(IR
100 200 300 400 500 600 700 800

T IIIIIET
1 IIHIM

Number of events x 2 per 40.0 GeV

AN
AN
ARNRRRREREN
AN,

N
N
N
N

NN
N

T IIHIW
1 | EI]IIM

-
o
[
o

| g 3 IAIPIATATHISHEN | VA 1 TT‘-.....ii
0 100 200 300 700 800
: M, (GeV) .
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Limits on 0prod(LQ pair) and Mg /NN -

« The data are consistent with SM background expectation
- Upper limits on the LQ cross section are set using a Bayesian approach

« The existence of first and second generation LQs with mass below 384 and 394 GeV,
respectively, are excluded for p=1

— — = —= = — == —
| | 1 02 T 1T T 1 1T T 1 1T T 1 L L T 1T T4
o) = : | | | 3 e
- LQ— .
fon - na ) N 0.9
@) B D@ exclusion (1 fb™, B=1) 1 - ' :
NX i | B (3% Gyqry With theory uncertainty, p=1| | O Sy T —" - ...............................................
@ 10 a U """"""""" --¥-- Expected 95% C.L. upper limit E 0.7 |
- ' —&— Observed 95% C.L. upper limit ] )

—
|

O
o)
|IIII|IIII|IIII|IIIIiIIIIlIIIIlIIII|IIII|IIII

£ 3
e N

A_ . 04 .........................................................................................................................................

1 B Q.3 i

1 O- s S ——— g DD exclusion (1 fb'1)

- CMS | : : : 02 o - Expected 95% C.L. limit |
: » ] &= Opserved 95% C.L. limit
] Ldt=340 pb | 01 .............................................. ................................................... ............................................... _

10-2IIIIiIIIIiIIIIiIIIIiIIIIiIIII IIIIiIIIIiIIII
200 250 300 350 400 450 500 Q

M, (GeV) M, (GeV)

— — — == - - S —— -
==
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Good understanding of the detector and backgrounds in a variety of channels
data-driven background estimation in most cases

Searches for new physics phenomena with high-p™ leptons in the final state have been
performed

No excess found in DATA

New exclusion limits for Z', W' and LQ pair

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

12/04/2011 F. De Guio
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Muon identification and quality cuts:

Tracker & global muon

> 11 silicon tracker hits

> 1 pixel hit

x2 / Ndof < 10

Transverse impact parameter dO < 0.02

cm (order of magnitude tighter than |

VBTF recommondation)
At least 2 matched muon segments

(7’ =

= e

HEEP Selection cuts v3.0
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Barl
Er > 25 GeV > 25 GeV
INscl < 1.442 1.560 < |nsc| < 2.5
isEcalDriven =1 =1
|AN| < 0.005 <0.007
|AQ;,| <0.09 <0.09
H/E <0.05 <0.05
Oinin n/a <0.03
E2x5/E5%5 >0.94 OR E*5/ES*5 > .83 n/a
EM + Had Depth 1 Isolation <2+0.03"Et <2.5 for Et<50 else
W | <2.5+0.03*(Et-50) |
| Had Depth 2 Isolation n/a <0.5
Track Isol: Trk Pt <7.5 <15
S J
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Mo MC Signal Samples Monte Carlo Background Samples
(St Request) Selected Acceptance Selected Events in

[GeV] Events x Efficiency tf + jets Z /7 +jets Others All
250 (St >400) 43.8+0.2 0.3804+0.002 | 1.1 £0.06 1.3 +0.1 0.14:4+0.02 2.5 +0.1
300 (St >470) 17.3+0.1 0.430+0.002 | 0.44+0.04 0.75+0.07 0.10+0.02 1.3 £0.1

[ 340 (St >510) 8.88:40.04 0.469+0.002 | 0.274+0.03 0.56+40.06 0.08+0.02 0.91+0.08

400 (St >560) 3.55+0.02 0.522+40.002 | 0.17:+40.02 0.414+0.05 0.06+0.02 0.63+0.06
450 (S >620) 1.70+0.01 0.539+0.002 | 0.10£0.02 0.284+0.05 0.02+0.01 0.41+10.06

2 muons P:>30 GeV, |n|<2.4(2.1); AR(y, u)>0.3; 2 jets P;>30 GeV, [n|<3; M, ,>115 GeV; S;>f(M ) GeV

Mo | St | Z/7"+jets t Other Bkg All Bkg Data S €s

250 400 | 192+ 0.03 | 1.60 £0.08 | 0.05+0.01 | 3.57 + 0.09 3 51.5 4+ 5.2 | 0.437 + 0.003

300 449 | 1.53+£0.03 | 098 £0.06 | 0.04 +£0.01 | 254 + 0.07 3 21.3 +£2.1 | 0.518 + 0.004

340 530 | 0.79+0.01 | 034 £0.04 | 0.01 £0.00 | 1.14 = 0.04 1 98 +1.0 | 0.508 =+ 0.003
| 400 560 | 0.67 £0.01 | 0.27 £0.03 | 0.01 £0.00 | 0.94 = 0.03 1 40+04 | 0.578 £ 0.004

450 620 | 0.49 +£0.01 | 0.16 £0.02 | 0.01 £0.00 | 0.66 + 0.03 0 1.9+ 0.2 | 0.600 + 0.004

12/04/2011
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e CMS Experiment at LHC, CERN — Electrons
CM\S Data recorded: Sun Oct 24 15:44:03 2010 CEST
| - ?un(Ever;r 14;3?722 | 263643676 vpT | eta phi E/p| HE| frem| dei dpi charge
\ ~ umi section:
~ \ | OrbitCrossing: 64679550 / 538 1§125.0(-2.003} 3.091|0.787(0008| 0674]| 0001 |-0.00 -1
| [Z \ 2| 83.8| 0.669] 0600|5.923(0.000| 0.791|-0.000] 0042 1
0 8.7|-0.636|-0.835|1.196|{0.000| 0.008|-0.009] 0.054 1
0 — O
//
/
| 5 "
| .

12/04/2011
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Hadron recoil T
*  The Wenu shape is from MC, but corrected to take into account differences between
DATA and MC

- Estimate the parallel (u1) and transverse (uz2) component of the hadron recoil in MC
and DATA using Z -> ee events.

3(\! _I T T T T | T T | T T T T T T T T T T | T T | T T I_
O 14 __ CMS -e-Data __
- Vs=7TeV - i
12— —
- ~WMC
10 I —
- 1
8 __ L ® ® ]
;ig.fi‘ ) —_—— :
6 fiﬁzi: ! -
B ol i
E."t.f.r :
4r -
21 .
O :I 1 1 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I:
0O 20 40 60 80 100120140160 180200
pY (GeV)

« The same procedure is used in the W cross section measurement

12/04/2011 F. De Guio
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« For both ul and u2 we are correcting for the differences between data and MC on an
event by event basis

O W Zdata (pT ) Wmc
wi(PT ) = ch(p’r ) (pT )

= Gauss(fui(PY ), 0ui(DF))

W = U +
— COTT i ele
T = —ur—Er

e (Genlevel MC used to extract
the W Pr.

12/04/2011 F. De Guio
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« After the correction, the shapes differ mainly in the region of transverse mass
between 80 and 120 GeV

D‘ :l [ -I I T 11 T 11 I'TT1 T 11 | T T | T 11 | T 11 | I'TT1 ]:

<E' 1 O.1 ;_ ------- MC without correction _;

E —— MC with recoil correction E

2| ]

107E CMS MC

E \Vs=7TeV E

10° & E

10 - -

10° & E
10° L | | | | | | ﬂ it
1111 1 111 | L 111 | 1 11" I (I J LAy il l :

50 100 150 200 250 300 350 400 450 500

M. (GeV/c?)

12/04/2011 F. De Guio
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Cosmics contamination inen
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 Not taken into account in the sideband fit
« Cosmics contamination more relevant for tail of MT distribution

> SRR L I L B LB B
8 104;— CMS 0 d0<0.02cm _; — s
Lco) 5 L dt = 36 pb" 0.02 < d0 < 0.2 3 |
B = O 02 < <0.2cm !
e 0 Jrat=see 1 | pp
c 100 p, A , EN - == -
(¢)) - R ) -
U>J - ]
zjé . - ﬁ cosmics ﬂ
10= ¢ A ? % P =
| j T T | T Tm T T T T | E
10—1HH |...|...||_‘.|.._
0 200 400 600 800 1000 1200 1400
MT [GeV]
« Contamination for dO < 0.02 cm
M7 [ GeV/c?] range | Collision background | Cosmic background | Total background
180 < Mt < 350 547 +73 0.19 + 0.04 549+7.3
Mt > 350 3.6 1.0 0.15 + 0.04 3.8+1.0
Mt > 400 22+4+0.6 0.10 £ 0.03 23+0.6
M+ > 500 1.0=0.3 0.08 + 0.03 1.14+03
Mt > 600 0.54 +0.15 0.08 £+ 0.03 0.62 +=0.15

12/04/2011 F. De Guio
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CMS Experiment at LHC, CERN 1
Data recorded’ Tue Oct 26 20:03:38 2010 CEST
Run/Event: 148063 / 26323702

Lumi section: 24

| =
CMQ CMS Experiment at LHC, CERN
| - Data recorded: Tue Oct 26 14;34:18 2010Cl
e Run/Event: 149003 / 246002489
i Lumi section: 229

‘ Muon pT: 249.0 Gev‘

LY A

:
i
’EM/\“\?

Iy g N

| pMMET: 238.6 GeV |

N

CMS Experiment at LHC, CERN
Data recorded: Tue Oct 26 14:34:18 2010 CEST
Run/Event: 149003 / 246002489

CME Experimant at LHC, CERM
Lumi section: 229

I Diata recordad: Tua Oct 26 20:03:38 2010 CEST
! 1 Run/Event’ 149063 / 26323702
% | Lumi-saction: 24

12/04/2011 F. De Guio
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« A Bayesian tool o calculate the expected and observed 95% C.L. upper limits is used

Fup(n) [T [/(n|o, A, £, b)7(c)do
/ p(oln. A, L, b)do = —— = 0.95
J - | o L'(nl|o.A. L, b)r(0)da

Flat priorJ
M i b0 pho ™,
L'(nlo. A.L.b) = / / / L(nlo, A’ E'.h')g(.-1')h(E')f(b'l(l.-\'(lﬁ'(lb' i) {“ o<
Jo Jo Jo ~~ | o210
\J
g(A"), h(L'), [(}') Log-normal distributions describing
» uncertainties in A', L', b’ | J
Poisson distributionJ
SN (c AL+ )" ~(c A'L'+b") =
L(n|o, A, L',b) = ' ¢ n = number of observed events
" A = acceptancexefficiency
Expected upper IimitJ L = integrated luminosity
b b = expected number of
<Tiip> Xﬂ.,l,(ll)/.(II’fT 0,A.L.b) background events J

n—\N)
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Extension to two channels, currently straightforward extension of the
iImplemented Bayesian upper limit for a counting exp.

fobs.1s Nobs 2) = /(1[. dey dby des dbs
‘U L €] = ,) ) Nobat : (__I—l(?-].-tl‘*'bl) (0 L €2 + Z ) Yobe,2 (,—(0‘-[.-624'})‘2)
\ul)s 1' J\ful)s,-!
.7‘—(]‘)1)., ( ) (’h)'r. 2)7!-([4) rpu((f)

Underlying Assumptions:
- Identical branching ratio for electron and muon channel
- Uncertainty on luminosity fully correlated

- Uncertainties on signal efficiency and background currently fully
uncorrelated (also tested fully correlated » same limit)
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